Local anesthesia is administered to reduce pain during dental treatments, but may itself cause pain and contribute to increased dental fear. Computer-controlled local anesthetic delivery (CCLAD) is one the method to reduce patient pain during local anesthesia; it is a device that slowly administers anesthetics by using a computerized device to control the injection speed. This literature review aims to provide an objective assessment of the usefulness of CCLAD for controlling pain by reviewing papers published to date that have used CCLAD.
INTRODUCTION
Dental fear is the most common reason for patients to avoid visiting the dentist. Dental fear can occur for a variety of reasons, including noise and vibration from tooth-cutting devices such as dental handpieces, smell of drugs or materials used in dentistry, pain during dental treatment, and irrational fear of local anesthesia [1] .
Because dental treatments may be painful, appropriate local anesthesia is necessary to reduce pain during such treatments. However, paradoxically, patients often fear pain caused by anesthetic injections more than pain from dental treatment itself [2] .
Despite careful anesthetic procedures, dental local anesthesia can cause pain for various reasons, including soft tissue damage during penetration of the oral mucosa, pressure from the spread of the anesthetic solution, temperature of anesthetic solution, low pH of anesthetic solution, and pain from the characteristics of the drug.
In order to reduce pain during local anesthesia, swabbing anesthesia is often performed on the injection point; similarly, local anesthetic techniques that can anatomically reduce pain, such as infiltration anesthesia, should be used rather than subperiosteal or intraosseous injections that can cause pain. In addition, the anesthetic ampoule must be used administered at a temperature similar to body temperature; sterile local anesthesia should be used; and effort should be made to slow the injection speed [3] . Although reducing the injection speed is the most effective method of reducing pain, controlling and maintaining the amount or speed of injection in actual clinical settings is difficult.
Many devices have been introduced that can inject local anesthetic into the tissues at a set speed. Collectively, these "painless anesthetic devices", are termed "computer-controlled local anesthetic delivery" (CCLAD) devices. CCLAD also collectively refers to devices that not only slow and maintain the injection speed, but also maintain a constant speed while taking into account the anatomical characteristics of the tissues being injected [4, 5] language only using the CCLAD-related keywords "computer local anesthesia," "Wand," "Comfort Control
Syringe," and "Quicksleeper." After the initial search, the original papers were assessed to identify those related to clinical trials, those that included dental local anesthesia and human subjects, and those that included comparison results. A total of 27 papers met these search criteria.
These papers were then divided into those on adults and children.
BASIC CONCEPT AND DEVICES OF CCLAD
CCLAD can reduce pain by controlling anesthetic injection speed, which permits continuous administration of a small amount of anesthetic at a slow speed, which can reduce pain not only from resistance felt in the tissues, but also from anesthesia taking effect simultaneously with injection, which in turn allows the anesthetic to be injected into tissue that has already been anesthetized. Thus, owing to this series of processes, the patient feels less pain. 
STUDIES ON CHILDREN
The findings from studies on children for comparison of CCLAD and local anesthesia using conventional syringes are shown in Table 1 [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] . Among 13 studies that assessed pain, six reported similar measured values, while seven determined CCLAD to be more effective in that it caused less pain and allowed behavioral control.
The papers that reported CCLAD to be more effective were mostly those that were published relatively recently. affected by intrinsic factors based the characteristics of children with fears of needles, rather than extrinsic factors associated with differences between using CCLAD versus conventional method using a syringe. In the studies described above, there were no differences in results based on the age of the children and it could not be concluded that there were significant differences based on anesthesia method, anesthesia site, or dental procedure used. However, most of the assessment tools used on children were subjective assessments of patient response and behavior. While the assessments were repeated by the operator, patient, third party, or other expert group to promote objectivity, these methods were still subjec- [6, 7, 9, [13] [14] [15] [16] .
STUDY ON ADULTS
The findings from studies on adults for comparison of CCLAD and local anesthesia using conventional syringes are shown in Table 2 [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] .
Two papers that assessed anxiety in CCLAD (Sumer, et al. and Chang, et al.) reported similar or increased levels of anxiety [21, 29] . Due the size of the devices, CCLAD may have acted as anxiety and stress factor that induced fear in the patients in these studies.
Lee et al. assessed CCLAD for local anesthesia on anterior and middle superior alveolar nerves, revealing showed no significant differences in onset and duration times between CCLAD and conventional local anesthesia;
however, CCLAD mostly showed higher efficacy with respect to anesthesia success rates [23] . In studies by [26, 29] , which also proved the efficacy of CCLAD for extraction procedures, which are considered relatively invasive dental treatments.
Ozer, et al., compared IAN block anesthesia (the conventional anesthesia method) to intraosseous anesthesia by CCLAD in mandibular molar extraction cases, revealing that CCLAD showed superior pain control compare to conventional methods [26] . However, intraosseous anesthesia requires longer injection time, the syringe needle may become blocked during anesthesia, and has shorter anesthesia time than IAN block anesthesia; therefore, it was considered unfit for procedures that require long periods of time to complete.
CONCLUSION
CCLAD devices control the speed of anesthetic injected into tissue and are used to reduce pain during local anesthesia for dental treatments. The results of this review indicate that using CCLAD resulted in less pain and more effective anesthesia in adults than in children.
However, differences in shape, weight, and injection speed should be considered when selecting choosing a device. Recent advances in CCLAD have led to the introduction of products that are lighter and easier to use.
Establishment of assessment indices and methods for pain and anxiety, as well as additional clinical studies can
